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FEE . nSi0, GUREURLE—Fp) 72 0 R TRRGURATRL, A3 XS K Cd® 0 W R B8, SR B 1 O v 4 1
L MEM 2T (EDTA) Bt nSio, 4KFURL(EDTA-nSIO, ) , JFHIB ST LG . UMM I . 20PN 22 O3 #7245 - BOW
HEAT T S5 A RAT. , [T DAL Ry W B 7] 38 5 e AL B S B BR T TR R pH ., MBS I) | JREE | B iR SR R R X Cd T W B Ay
Wi, FF4h 2 X B BB (XPS) S M X HCu B ML #EAT T 40, 4552 WT, LU EDTA Sy ekevE ], 7T LR Sh il 45 Hh f o 1k B B 10
EDTA-nSiO, 4Kk, HoX} Cd®* Wb 214 2 pH ¥ 5 nSi0, X Cd®* By fffE 45/, EDTA Betd n] 340 nSio, % Cd>* i iz
Ve, B pH TR, Cd** W I CR B s, 76 pH KT 4. 0 J5 B#E TAAE. EDTA-nSiO, %t Cd** iy W Bk e R 4t , AT 78
1 h NEFI0R P, EDTA-nSiO, XF Cd** 1M R Wt i I & 3 e, W B 45 i 26 1T FH Langmuir BERUHEIR. NaCl e B2 HE i 25
S Cd® T T B R, 24K NaCl ¥EEE M 0 345 100 mmol-L ™", Cd>* 4 55 A W B &2 M 0. 433 mmol-g ™' [AK = 0. 294
mmol-g~". 0.1 mol-L~" HCI 2N G 1% iy FH I T AE M, Cd>* VEE R 2 94.36% . 454 pH, IREE | B 73R TR A XPS 4
Bres S, vl LA EDTA-nSi0, X Cd® ™ A M B2 45 2 A 87 5 1 4y BHL I 6 0 88 F 2 4 A, O LUK 22 4% Dy 38 109 W et 7.
EDTA-nSiO, & —Fxi K i Cd* + HAT BT MR Bl 7 1) T ARG KA AR B 741
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Adsorption Cd** from Solution by EDTA-modified Silicate Nanoparticles

JIANG Shun-cheng', QIN Rui', LI Man-lin*>, LI Rong-hua'®, ZHANG Zeng-qiang', Amjad Ali', LIANG
Wen'

(1. College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2. College of Science,
Northwest A&F University, Yangling 712100, China)

Abstract; Silicate nanoparticles (nSi0, ) are a kind of widely used engineering material. In order to improve the Cd** adsorption
ability, the EDTA-modified nSiO, nanoparticles were prepared by grafting method and characterized by TEM, N, adsorption-desorption,
FTIR, and TGA. The effects of solution pH, contact time, temperature and ionic strength were examined. The adsorption mechanism
was further investigated by XPS. The results showed that the EDTA-nSiO, nanoparticles possessed excellent stability, and were
successfully prepared. Cd** adsorption was mainly controlled by solution pH. The raw nSiO, had limited Cd®* adsorption ability, while
the EDTA-modified nSiO, particles had significantly improved adsorption performance. At high pH, the Cd** adsorption rate increased
and kept balance above pH 4.0. The Cd®>* adsorption was an endothermic spontaneous process which could be finished within 1 h.
Langmuir model could be used to describe the adsorption isotherm. The temperature ranged from 293-313 K during the process, while
the maximum adsorption was observed at higher temperature. Higher ionic strength could inhibit the Cd** adsorption. The Cd**
adsorption decreased from 0. 433 to 0.294 mmol-g ™', when NaCl concentration varied from 0 to 100 mmol-L~". The desorption of
Cd** from the EDTA-nSiO, nanoparticles was carried out with distilled water, 0.1 mol:L~" NaCl and 0.1 mol-L~" HCL. The
maximum Cd** desorption of 94. 36% was obtained at 0. 1 mol-L ™" HCL. Based on the results of thermodynamics, pH, ionic strength,
and XPS analysis, it could be concluded that Cd** adsorption was a multiple process dominated by chemical chelating reaction,
physical adsorption and ion exchange. This study indicated that the EDTA-nSiO, is an effective engineering nanomaterial that could be
used in Cd** adsorption.

Key words: EDTA ; nSiO, nanoparticle; modification; Cd** ; adsorption
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S EA R I s A1 R T A i )
L 2B 30 5 A L™ | A
W BT AT MRk e
PrkA ek 2 S B Cd? T BT R T R R AR SY,
L - 1 258018 VR B AT SR 2 20 W R 1o FH )
FITTE.

B2 9N K AR T &, TR KA R B
AILREARK, WHEE T8, 2 TORefb SR s,
BN R S — TR AE 175 e ) = S5O B e 2 13
i ek A7 R M B 4 oK A X G ) W
39.23 mg-g ' MgO 44K BRI XT Cd>* Y KK
BiHEEIA2 294 mg-g ' BRI BEAL TiO, 40K
RN Cd>* A SA 2. 87 mmol-g ™' Fi L
AT B i 9 K 0K X Cd Y I BfE R T A 125
mg-g ™" Z U Z IR (EDTA ) 2 —Fh il R 19 &
SR B T4A N, FILIEAT D RE Ak 2 1 08 B A4 Ak L
HEH) Cd® T FHEE S, an EDTA Btk R IE N
KLF Y Xt Cd®* 9 W B B AT 3K 0.29 mmol-g ™',
EDTA &4 44 K 2R 7] W2 B Cu®* 0. 58 mmol-g ™",
Pb’* 0.55 mmol-g™", Ni’* 0.55 mmol-g~' I Cd*"
0. 45 mmol-g ',

nSi0, —F AN T A BN 2 s Fae i — 4
PEREGN A ITURE , 55 A 40 K B4R AR EE, PR H: A AR A
B, AL YRS | AR R )
T, 259, AL G RIEREE TR
L4 . BRAT — ek 3 DL LR R AR A
HJEURL il 28 T4 Cd** HAT 55 W g g i AR TR) 2
U BF 4200 (HR ) EDTA b 8 4 70 F 47
nSi0, GKIURL ik BB SE ATy i UL ARG , A 5¢ EDTA
P nSi0, 49K Fiki (EDTA-nSiO, ) X /K 4 Cd** Y
W BT AR A0 FR AL TS AN TE R A I, AS BIF 5 T D A%
EDTA-nSiO, ZHK UKL JERH T, 38 15 b BESC 56 v
X LR B AR Cd®* 1 2 B RRAE AL AT T #R3F,
DI A K AR Ca®* i5 Y $ A4 7 78 40 Kb ) g
I, 8 AR AR AR TR AR W 2 v i .

1 #RE5FE

1.1 FEEH SR
L11 k5]

nSi0, YHAKIURL (4L 99.9% ) . 3-H NI =2
AL BE B (APTES, 26 % 97% ), 4 14 F Sigma-
Aldrich A&, TE/K OB, 2 WGP R (EDTA) | —
AH e (DCM) . & (SOCL,) . Lk, PIER .
NaHCO, . HC1, HNO, ., Cd(NO,), F1 NaCl 34 k534

afi T KA A ] SEE0 K R £ B oK.
1.1.2 %8s

Nexus FTIR £LAMERE (FTIR) , JEOL 200CX %!
R4 S ) L T B BE (TEM) |, TOC-V CSH %Y TOC
SHTAY, TriStar 1 3020 BY H I FL 43 HT1L , Mastersizer
BOGKIEEIY , Kratos AXIS Ultra DLD %I X SR REREY
(XPS) ,Euro Vector EA3000 BUAHLITER ML, HAL
Z-2000 B S84 RIS S EE T
1.2 LRIk
1.2.1 EDTA Htt nSi0, 44K ks i) il 45 M Ak

KR DL 1 AR R BT EDTA ootk
nSi0, KUK Hil 520 . AR FF nSio, T 393
K EZ T4 12 h J5, 7 EC L. 0 g nSi0, T8 B
LI 100 mL JE/K Z B, BN 1 mL APTES,
N, PR R 12 h )5, F 348 K H 100 mL Z Al
THEFRIRATRFE 1: 1) R 12 h, K5
BERE ST B2 TR 333 K T4 12 h, 133
FAk nSio, GKRURL. SR )54 AL nSi0, 44K
KA EA 100 mL DCM % 0. 04 mol EDTA 1R
BWW, IZE A 0. 04 mol SOCL,, T N, {4
PR EWRRNL 4 h. W), IR DR
DCM , N, 7618 7K ,0. 1 mol-L ™" NaHCO, , Z& {8 /K Al
PIERYE IS, 323 K HL25 TR, 1558 EDTA Bk
nSi0, , it EDTA-nSiO,. H JEOL 200CX %Y &5 43¢
S B A RS, T KBr R i, D
SEMCERTS nSi0, Uk A 21 A6 L 3 v 8 32
W, W% 400 ~4 000em ™', FH Tristar 1T 3020 %Y 13
T R 2 S 5 B Rk F N, VR R -t O ity £, TR
J£ 477 K; i34 Brumauer-Emmett-Teller ( BET) 7,
THEAE S Y LR TET AR, SO B2 A 44 K UKL Y
Rife. DL Mg K 8 X SF405, L 285.0 eV 4b Cls 45
G RENLIE  #HT X SR RIS HT (XPS).
1.2.2 EDTA-nSiO, X%} Cd** Ayt

SR FHAEAN B SEBG1  3 FE AR 3R pH L W B
]| BT VB | RS XS Cd® R A s
M. BIRRE— g AR BRI BE 1Y Cd> " T 75 mL R
IR B O AR T U S5 S5 I, DR BiPE nSio,
JXF B A — & f #9 EDTA-nSiO, , 1H IR IR % — &
BFIE] S, 4212 000 remin =" 3 250 43 B5,0. 10 wm
DEIEE g, WIS mL JEWEH H 37 Z-2000 B A7 S5 4
JEF W A3 e BTN Cd® MR, A SLg
23 K.
1.2.3 Hlabag

R W i A S i CdP T B 3 A (1)
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| OH OCH;CH; (0]
) |,_ ) o Hoﬂ\, 0
nSi0; L gy + HiCH.CO —Tl— (CH2)sNH; ———» | nSiO, 0—/Si—(CH2)3NH3 + HO N’\'N\)LOH
oH OCH,CHs 0 o on
0
0
] 0 OJJ\ 0
SOCk | NeHCOs | lusios 0—/Si—(C”2)3NH--\n/‘N’“vN\)J‘0_
DCM

(8]

OHrO-

0

Bl 1 EDTA-nSiO, H# &ifiE
Fig. 1 Preparation flowchart of EDTA-nSiO,

TR WM R (%), &2 (2) 75 R & q,
(mmol-g™").
W = 100(c, - ¢.) /¢, (1)
q. = V(eg —c.)/m (2)
K, e, M e, 43 0 S W B AT R R Cd® T Bk
(mmol-L™") ,V 2y Cd** WA BL(L) , m W B
REBT (g). RUMMTIESHAGC’ | AH® F1 AS°
ORI AZ(3) ~ (5) AT, WBHRIXT Cd®* Y
W% K RE ) R AE R Langmuir 838 ¢ =¢q,, <K, *c./
[ (1 +K, - c, )] Freundlich ##1 ¢ =K, -¢ " X%t
B IRZR TR A

Kb = qe/ce (3)
InK, = AS'/R — AH/RT (4)
AG’ = AH' - TAS® (5)

A, K, A Langmuir F %8, q. F g, 53 51 A W2 B 5 0
BRI B B (mmol-g ™" ) e, Ay W B SF- 7 R I R
cd** H‘JWE(mmol-L_l ) ,KF'—? n 43514 Freundlich
R E R, T OIRE (K), R R %, WU

(a) nSi0-

8.314 J- (mol-K) .
2 #HRE5IE

2.1 EDTA-nSiO, AL

K H B 5 7 O nSi0, K EDTA-nSioO,
WORE SR AT WS (8 2) . MR 2 T4, el o ok
S nSiO0, G URL I ERIZ 2540, 0k L3450, &
3 J& nSi0, fil EDTA-nSiO, MZLAMERE R AT
H1,3705 cm ™' H13 446 em ' Ab B W W R Sk A
—OHMHRBNE 1635 em ™ LbAIIR LIS K H,O 1Y
W™ 1 107 em ™' Ab BRIy Si—O0—Si R 3)
U6 ,907 em ™' 1 804 cm ™' [t 3T Ab A SR K Si—OH
R g2 5 nSio, M b, EDTA-nSiO, 7E
2927 em ™ MY AT S BL T C—H A MR U, 7E 1558
em ™ALL T ARBE—NH I 1 450 em ' BT
HBL T —C =0 BIRgRIE> > XK /R T EDTA #
W51 A EDTA-nSiO, . 6% 43 #1 % B, EDTA-
nSi0, T N2 1.77% , % 0 £98.12%. N, W fft-

(b) EDTA-nSiO;

B2 nSiO, #1 EDTA-nSiO,# TEM B &
Fig. 2 TEM images of nSiO, and EDTA-nSiO,
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fE W MR 78 , nSi0, F1 EDTA-nSiO, 1) H 2 1 FL 4

12 103.8 m?-g ' H186.5 m?-g ™. OGN
RIGH , nSi0, AYRIFE 57. 8 nm, EDTA-nSiO, Fki 1%
69. 4 nm £45. 5 nSi0, b, EDTA-nSiO, /) Hb 1
AR /N REAZEE N 7R T EDTA #i2h 51 A EDTA-
nSi0, H1. N EAE EDTA-nSiO, HIEEE M, # 10 mg
EDTA-nSiO, 5% pH 431k 3. 0 F18. 0 ()2
Bk, ZiRARE 24 h I E EER T AA P
RO, AR R B AR 2K A LY
X UL T EDTA Fl nSi0, M45& 8 b2 . nSio, Al
EDTA-nSiO, 1) TG M4 REWI (Kl 4) ,nSi0, MYk
HEB R ETE 100°C £ 47 W K 40 ¥ &, T EDTA-
nSi0, FRIERR T 100°C 2247 WK o345 K2 56, i 1E
2375 C LA A NRREE R T . s gh R %
BT AR i & T B R RS E MY EDTA-

nSi0,.
_\/ nSi0;

EDTA-nSiO;

16356° |
15582 i

37052 | 29279

3446.7

W K JE /%

i 8043

1456.2
19706

1 107.1

4000 3500 3000 2500 2000 1500 1 000 500
e /em™!
B 3 nSiO, 1 EDTA-nSiO, £I4MEiEE
Fig. 3 FTIR spectra of nSiO, and EDTA-nSiO,

105

EDTA-nSi0

0 200 400 600 800
e
4 nSiO, 1 EDTA-nSiO, TG #%k

Fig. 4 TG curves of nSiO, and EDTA-nSiO,

2.2 pH XF Cd** W Rk e 5%
W—Z %1 25 mL ¥ 0. 089 mmol-L.~" ¥ Cd**

PR 0.1 mol-L~" HNO, &% NaOH ##77 pH 2 ~8
J& , INA 10 mg EDTA-nSi0, 5% nSi0, , Z i Hk% 4 h.
nSiO, A1l EDTA-nSiO, fEA[A] pH T XF Cd** W Fff iy
SZM UL 5. R T Bl pH A9 HE K, nSiO, Xt
Cd** FY WL ARG TN, 76 pH 6. 96 5 W B3R 1T 35
20% . Mt MPER  EDTA-SIO, % Cd>* By %,
Bl R0 pH 380, 52 30 2 120 0 K5 T
ERFESTE pH=3.96 LUJ5 , W B} 3 38 A Fa 58 7
99.2% LA b 3K JEH T W pH X B B K
S, pH AN 23520 2 1R RE RS IE 252 i 5
SIEETERRTWEEIES. KiE®RT Cd £%
PLCd** . Cd(OH) * . Cd(OH)S ., Cd(OH), (s) %5
BAEAET Y. M pH <8.0 B 3 R E LA Cd* Al
CA(OH) * R E™'. H LR FR pH 5w 0 B 70 Fn
Cd** WL BFF 8 SRR, — 7 T 2 5 R ) pHL 4% 4T 1 B
R R EARIEASC, B — SN EhHEEE
BTk A 67, mIE S [WREnT 0L, 0 b7
5 5 R pH, IR AL 7R, nSi0, A1 EDTA-nSiO,
M HLfar i o AR 22 5. — Ok 78 pH /N T
T LR, A IE L & B B FRE S 0 kAR
A B, W% B 59 2 T A9—OH 8% i 1 1k h—OH,
—NH# R —NH," 47 1E H, AT A 1E A
SIEET AR, SR AL 4 pH K
TR SN BT AREAE R R DR o o
B T RS nSi0, 40K FURLGT Cd® Y IR R
BRI, A6 S5 2250 rh AL L EDTA-nSiO, Yy 1 B30 ik
PR TR IR RIS pH 4.3 /245,

100 - - _"_2__’2:%_ 75
80r /{/i/. 6.0
- 4 0.
£ 60 i'_"/i-/
2 00 o— nSi0; _
= —o— EDTA-nSi0; 445 &
= 40t —u— pHr nSi0;
—e— pHf EDTA-nSIO;
20 P 30
20 K OB
/ﬁf—-u'—”ﬁf -
Q
U L L 1 1 l_s
2 3 4 5 6 7 8

pH;

El5 pH X Cd** IR HIE980E
Fig. 5 Effect of pH on Cd** adsorption

2.3 W RRFASFTRD RN XS Cd®* I B A 52 i)

W B s )52 i A5, 250 mL MR BE 430k
0. 089 mmol-L ™" F10. 889 mmol-L~" Y Cd** ¥F KM
45 pH 4.3 J5,/iILA 100 mg EDTA-nSiO, , & iRk 4
h. 455 &I, EDTA-nSi0, X Cd** [0 BRI | BE



3484 2N 5%

B 37 %

FE 1 h Ik B0 BEF- 5 (B 6) . Sk ORI i B 5]t
Cd* " B BRSICR | S S 5256 h g BB TE) 36 FH 2 h.

100 + o—a & @ @
o
o2
80 -f
£ 60 F
g {,/0_’.;6_ -3 o &
= 40 F o
20 }/o —0— 0.089 mmol-L"!
—o— 0.889 mmol-L"!
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Table 2 Parameters of Langmuir and Freundlich models
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Table 3 Comparison of Cd** adsorption with other reported adsorbents

2 i 550 MRE/K pH g B /g L1 G/ mmol - g 7! Sk
NH,-SBA-15 298 7.0 1.0 0.70 [24]
iR ALREER 298 4.5 3.0 0.14 [27]
AR FLaERR 298 4.5 3.0 0.28 [27]
W he 298 6 2.5 0.13 [28]
IR IRTE TWEEE I 298 4.26 1.67 2.29 [7]
2N-SBA-15 298 4.26 0.5 0. 90 [23]
EDTA R4 9K 45 4 298 6.0 2.0 0.29 [20]
Wit E AL A B 298 6.0 1.0 0. 81 [29]
SRELTEE IR 298 — 2.0 0.11 [30]
EYETG RSN R G Y 298 6.1 0.375 0.24 [31]
MnO, iRk IKE 295 5.0 0.5 0.34 [32]
EDTA-nSiO, 298 4.3 0.4 0.433 A

1) WAL A Langmuir 455 %Y

2.5 Cd>* A fige e S LR AL

4 100 mL ¥ B 53 51 % 0.089 mmol-L~" 1y
Cd* " WM pH 4.3 J5 ,JINA 40 mg EDTA-nSiO, ,
TR 4 h. Gt m B0 A B YRR R S I
IR AR ARG AP R B TR R R AR
B RUERORE , T 333K B2 T4 6h, 2R 5 435
A 10 mL £ 8 T /K, 0.1 mol-L™" NaCl F1 0.1
mol - L™ "HCI ¥, = 4R % 4 h J&, 2o ik iy i 850
3B U IR A I LS W T AR AR Cd® T R
AR ZMGT Cd® MyEiisR. 5828, L& T
IKXF CA** FIBEI R ) 3. 07% ,0. 1 mol-L~" NaCl X}
Cd** HUPEME R 2 8. 12% , M 0. 1 mol-L~" HCl IFT&
X Cd>* FBEE RT3k 94, 36% , 33X i 0. 1 mol -1~
HCI 280 A3 I B 30 P A . X mT R T IR
PRV RE (12 {5 W B 7] 2 1 9 —NH M1—OH 'H B
KBTS —NH, FI—OH, , M T i i i e
TR E Cd®* B BE.

MATEH T Y BV B 3, S5 R4S nSio, A1
L, et 5 EDTA-nSiO, 19 b 3R AR /) | T 3% 1fi AE
REALG, 33X 23 XA R A 35 T 40 B BRE 80 7 AR R 5%
M. {H52F5 | EDTA-nSiO, %F Cd** AW [t fE /1 i 3%
T nSi0,. Z5GKR pH, W IR, B FIRE
ERREXS Cd** A P2 i oE 45 2, o nT DAHERN )
PRI REA &5 3 0. 55 48,0. 1 mol- L' HCl IFHK
X Cd** PRI R AL, WUl T EDTA-nSiO, *f
C®* 114 TR B0 AN 2 7 B Py 40 3L R S 1 25 7 52 o A
MR EERFHE S50 WM R X IR
Cd** A J5 ) EDTA-nSiO, #£47 XPS 23087, &5 5 an &l 9
Frs. AT, S50 cd* \7 A EDTA-nSiO, #f
Fo, W B Cd** J5 B9 EDTA-nSiO, i ki 2 i 77 16
Cd** , HI&A RN AR A, S — 20 % W Fff
Cd** {7 EDTA-nSiO, ¥ Cls, Ols 1 N1s W E4741
BArHTA L 5 Cd® R/ Cls WEAR LL , W B S



3486 ®oom B ¥ 37 %
Ols
Ok
I Nls Si2s
Cls Si2p
_,.,./d\_‘__-_‘_w cad |||
Cd*"-EDTA-nSiO, —A—Hl__\l_'l_,_
1000 800 600 400 200 0 396 400 404 408 412 416 420
frigleV HtrigleV
Cls
Wb F | _ W B I
531.8eV - 533deV 284.8 eV 286.1 eV | 287.9 eV 399.3 eV 401 8eV
(C—0) (0—Cd™) (C—C) (C—N) (0—C—0) (N—H) (N—Cd*")
c—0) | i
W5 T BT W5 T
n —i T o —— T ) L L L L i ——
528 530 532 534 536 538 282 284 286 288 290 396 398 400 402 404 406
gitriig/ev Hifrhg/ev Hitrig/eV
B9 mRHtcd( I )Bi/E EDTA-nSiO, & XPS L
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